multivariate analyses, cognitive impairment, advanced age (85+ years), length of stay (more than 3 weeks) and severe disability were the main independent predictors of development of the four geriatric syndromes, with cognitive impairment as the most signifi cant risk factor for all the four outcomes (OR 4.9, 95% CI 2.4-9.9 for pressure sores; OR 6.3, 95% CI 3.0-13.0 for fecal incontinence; OR 5.3, 95% CI 2.3-12.0 for urinary incontinence; OR 1.6, 95% CI 1.2-2.3 for falls). Conclusion: Very old people have a signifi cant increased risk of several geriatric syndromes during the stay in hospital, particularly if it is long and they are cognitively impaired. A standardized comprehensive geriatric evaluation at admission could be helpful in detecting all subjects at risk and preventing the development of hospital-acquired geriatric syndromes.
Introduction
Aging of the population in Western countries undoubtedly represents the main result of better social and medical conditions during the last century but, in the meantime, also the greatest challenge for the health system since the increasing number of chronic diseases and subsequent disability are going to request a different approach in the treatment and care of the elderly.
Hospital is still the major site of health provision for the elderly [1] , although its role in the health system is the treatment of acute diseases. The discrepancy between supply and demand can easily explain the inappropriateness of several admissions of elderly patients in acute-care hospitals and the subsequent increase in medical expenditures.
It has been shown that during hospitalization elderly subjects have a high risk of adverse events -defi ned as an unintended injury caused by medical management that resulted in prolongation of hospitalization or disability at discharge [2] -which can cause an irreversible decline in functional status [3] , and an increased rate of placement in nursing homes after discharge [4] . The increasing age of patients admitted in the hospitals will probably increase the risk of adverse events, and a better knowledge of those aspects more associated with negative outcomes during hospitalization will be helpful in preventing medical injuries and improving the quality of care [5] . But also hospitalization per se can represent in the older population a risk for the development of severe complications related to hospital environment and hazards. These aspects, associated with an increased susceptibility to various stresses due to the aging process, often cause an irreversible decline in functional status and a change in quality and style of life after discharge [6] .
In this study, we evaluated the occurrence of four typical geriatric syndromes -namely pressure sores, fecal and urinary incontinence and falls -observed in an elderly population during hospitalization. The aim was to detect the factors more associated with the risk of such injuries. Data were gathered from the Gruppo Italiano di Farmacovigilanza nell'Anziano (GIFA; Italian Group of Pharmacoepidemiology in the Elderly) study, which included a large cohort of elderly people admitted to community and university hospitals in Italy.
Methods
The GIFA study includes 81 community and university hospitals located throughout Italy and periodically surveys drug use, occurrence of adverse drug reactions and quality of hospital care [for details, see 7] . Briefl y, all patients admitted to the participating hospitals during the surveillance periods (May-June and November-December, in order to control the seasonal variation of the diseases) in different years (1991, 1993, 1995, 1997 and 1998) were enrolled in the study and followed until discharge or death. For each patient a questionnaire was completed at admission and updated daily by a study physician who had received specifi c training. Data were recorded using a dedicated software; the variables recorded included demographic characteristics, objective tests and measures, drugs taken before admission, during hospital stay and at discharge, diagnosis at admission and discharge, history of falls and evaluation of comorbidity, cognitive function, functional status, quality of care.
Sociodemographic variables included age, gender, years of education, marital status and place of residence. Length of hospitalization was also registered.
Cognitive status was assessed by means of the Hodkinson's Abbreviated Mental Test (AMT) [8] , a 10-item version of the BlessedRoth information memory concentration test, whose total score ranges from 0 (no correct answer) to 10 (all correct answers). The AMT has been validated in Italy and a score of less than 7 was the best combination of sensitivity and specifi city to detect dementia [9] . Thus, subjects with a score lower than 7 were considered as cognitively impaired.
Clinical diagnoses were made on the basis of direct clinical evaluation and laboratory and instrumental fi ndings by the ward physicians. Diseases were coded according to ICD-9. Total number of diseases identifi ed in the chart record were also computed. To evaluate the effect of specifi c diseases on the different selected outcomes, we took into account the following pathologies or group of pathologies: cardiovascular diseases (coronary disease, hypertension, heart failure and atrial fi brillation), cerebrovascular diseases, chronic obstructive pulmonary disease, tumors, fractures, diabetes, severe hepatic and renal diseases. To quantify comorbidity, we used the number of diseases as well as the Charlson comorbidity index [10] , which is a weighted index of comorbidity that takes into account the number and the severity of health problems present in a subject.
Functional status was assessed on the basis of six activities of daily living (ADL) exploring the following functions: transferring from bed to chair, walking, dressing, eating, toileting and bathing. Score ranged from 0 (complete independence) to 6 (total dependency).
Drugs were coded according to the anatomical therapeutic and chemical codes. Although several drugs can contribute to one or more of the four geriatric syndromes selected as the main outcomes of this study (see below), we analyzed only the infl uence of central nervous system (CNS) active drugs, including antiepileptics, antiparkinson, neuroleptics, benzodiazepines and antidepressants (anatomical therapeutic and chemical codes N03, N04, N05A, N05B, N05C, N06A), that have a well-established impact on the occurrence of all of them.
The outcomes selected for the study were the occurrence -defi ned as absence at admission and presence at discharge -of specifi c events (pressure sores, fecal incontinence, urinary incontinence, falls) during hospitalization.
Pressure sores were staged on a 4-point scale [11] . Development of a pressure sore was defi ned as absence or presence of one stage 1 pressure ulcer at admission, and presence of almost one pressure ulcer of stage 2-4 at discharge. Occurrence of fecal and urinary incontinence was defi ned as absence at admission and presence at discharge being data of bowel and bladder continence registered in patient's chart record. Unfortunately, since urinary incontinence was differently registered in the different years of survey, only data from the years 1991 and 1998 were suited to the purpose of this study. Fall was defi ned as an unintentional change in position from a lying, sitting or standing position resulting in coming to rest on the ground or on some other lower level. A trained physician ascertained falls both from daily patient interviews and from reviews of nursing charts and medical records. Data of 15,711 patients aged 6 65 years were found in the dataset. Subjects who died during the hospital stay and those lacking an AMT score (920 men, mean age 77.4 8 7.1, and 1,062 women, mean age 79.6 8 7.1) were excluded. Their demographic characteristics did not differ from the evaluated population. A total of 13,729 patients, 6,426 men and 7,303 women, was considered.
Data of continuous variables are presented as mean 8 1 standard deviation (SD). Statistical analyses were performed using SPSS for Windows 11.5 software (Chicago, Ill., USA); differences were considered signifi cant at p ! 0.05. Analyses of continuous variables were performed with Student's t test or ANOVA and posthoc Bonferroni test as needed. 2 analysis and Fisher exact test were used for dichotomous variables.
Logistic regression analysis was used to estimate the association of variables of interest with the different dependent variables of the study, i.e. occurrence during hospitalization of (1) pressure sores, (2) fecal incontinence, (3) urinary incontinence and (4) falls. Odds ratio (OR) and 95% confi dence interval (CI) were calculated. All independent variables were fi rst evaluated as continuous variables and, if they were signifi cantly associated with any of the selected outcomes, they entered the model also as categorical variables. Age was categorized into three groups (65-74, 75-84, 6 85 years), to detect possible differential fi ndings in young-old, old-old and oldest-old subjects [12] . Number of diseases was categorized according to the quartile distribution (1-2, 3-4, 5-6, 6 7). Charlson index was analyzed fi rst by using quartiles of the distribution, then by grouping the second and the third group together due to their similar effects on the four different outcomes. Number of drugs prescribed during hospitalization was categorized according to the quartile distribution ( ^ 3, 4-6, 7-9, 6 10). A more detailed analysis was subsequently performed on CNS active drugs. Total length of stay was divided in tertiles ( ^ 2 weeks; ^ 3 weeks; 1 3 weeks). ADL at admission was grouped according to the functional status in totally independent (ADL score = 0), partially dependent (ADL score = 1-5) and totally dependent (ADL score = 6) persons.
First, a bivariate analysis was performed , in which each factor was evaluated in relation to the four outcomes by using separate logistic regression models, including the demographic variables (age, gender and education). Then the signifi cantly associated factors were further investigated to verify their independent effect by using two multi-adjusted logistic regression models. The fi rst model aimed at fi nding which diseases were associated with the risk of development of each event; the second model was constructed to evaluate the global effect of comorbidity by using the Charlson index. All factors were entered into a stepwise backward logistic regression analysis after gender, age and educational level adjustment. Only signifi cant results are reported.
Results
The main characteristics of the studied population at admission are reported in table 1 . Women were older, less educated, more functionally and cognitively impaired than men, but with a lower level of comorbidity index. More often they were single (mostly widows) and lived alone. At entrance, pressure sores were already present in 3% of the study population (2.8% in men and 3.2% in women), fecal incontinence in 7.3% (5.9% in men and 8.6% in women). Urinary incontinence, which was evaluated on a subgroup of 4,268 subjects, had a prevalence of 22.3% (19.9% in men and 24.5% in women). During the hospitalization (mean stay of 15 days), 74 subjects developed new pressure sores (cumulative incidence 0.5%), 55 became fecal and 35 urinary incontinent (cumulative incidence 0.4 and 1%, respectively), and 279 subjects had at least one episode of fall (cumulative incidence 1.9%).
When all possible predictors of the selected outcomes were entered in separate logistic models adjusted for age, gender and education, the following factors emerged as associated with an increased risk of developing at least one of the four geriatric syndromes during hospitalization: increasing age, cognitive impairment, cerebrovascular diseases, tumors, fractures, number of diseases, history of falls, Charlson index, length of stay, functional dependence (ADL score), use of neuroleptics and benzodiazepines ( tables 2 and 3 ). All these factors were entered in two models. The fi rst model tested the independent effect of single diseases, functional status and use of neuroleptics and benzodiazepines on the development of adverse events ( table 4 ) . Very advanced age, cognitive impairment as well as length of hospitalization (especially more than 3 weeks) markedly increased the risk for all the considered events. Some diseases increased the risk for specifi c geriatric syndromes, but not for all. Cerebrovascular diseases increased the risk of developing both fecal (OR: 2.4; 95% CI: 1.3-4.4) and urinary incontinence (OR: 2.4; 95% CI: 1.1-5.3); suffering from tumors increased the risk of fecal incontinence (OR: 3.4; 95% CI: 1.7-7.1), while fractures increased the risk of developing pressure sores (OR: 3.0; 95% CI: 1.3-7.1). An extremely severe disability (ADL = 6) was independently associated with the development of pressure sores (OR: 8.4; 95% CI: 3.2-21.5), fecal (OR: 2.5; 95% CI: 1.1-5.5) and urinary incontinence (OR: 2.9; 95% CI: 1.1-7.6), but not with falls. Factors independently associated with falls were history of previous falls (OR: 8.1; 95% CI: 6.1-10.8) and use of neuroleptics (OR: 2.1; 95% CI: 1.4-3.0) and benzodiazepines (OR: 1.9; 95% CI: 1.4-2.5).
The second model was similar to the fi rst one with the exception that single diseases were substituted by the 3; 95% CI: 0.9-12.0). All the other independent variables considered in the fi rst model remained signifi cantly associated with the events. Since cognitive impairment was the most consistent independent variable associated with development of each event, we then evaluated the percentage of subjects with diagnosis of dementia at discharge: only 36.8% of subjects scoring 0-3 at AMT had a diagnosis of dementia. The estimated population attributable risk percentage of an AMT score lower than 7 was 18.3% for pressure sores, 67.8% for fecal incontinence, 57.5% for urinary incontinence and 26.1% for falls.
Discussion
In this study, elderly people admitted to acute-care medical and geriatric wards proved to be an extremely frail population being, in almost half of the cases, moderately or severely disabled and, in a quarter of the cases, cognitively impaired and with a signifi cant comorbidity. This study also provides evidence that specifi c diseases as well as specifi c drugs are associated with specifi c events, but, most of all, that conditions commonly observed in elderly people, such as cognitive and functional impairment, play a major and independent role in the development during hospitalization of some geriatric syndromes, such as pressure sores, fecal incontinence, urinary incontinence and falls. Finally, the oldest-old are the most susceptible group to any of the studied events. The interest of these latter data rely on the fact that very old people represent the group with an increased rate of hospital admissions: a survey of the GIFA study between 1988 and 1993 showed a 50% increase in hospital admission of subjects aged 80 years and more [13] .
Although previous researches reported that aging, cognitive impairment or disability increased the risk of medical injuries or adverse events during hospitalization [for a review, see 5] , most of them analyzed a smaller number of patients or were focused only on one of the several outcomes considered in this study. The major strength of this study is its large sample size, the inclusion of many hospitals, thus increasing the generalization of the results, and the use of validated measures that are likely to be important predictors of the occurrence of the established events. In this study we used, as main outcomes, four hospital-acquired geriatric syndromes with the aim of detecting the factors more frequently associated with their development in elderly in-patients.
Very advanced age was associated with a greater risk of any event during the stay in hospital, independently of health status. This is conceivable with the aging-related impairment of compensatory mechanisms and increased susceptibility to any stressful factors related to hospitalization [14] . A severe disability was associated with a high risk of pressure sores and incontinence development, but it did not increase the risk of falling since, at this stage of functional impairment, patients are usually bedridden. Length of stay also increased the chance of development of geriatric syndromes during hospitalization, independently of physical, cognitive and functional impairment. It is biologically plausible that a long period of bed rest rapidly reduces the reserve capacity, due to decline in muscle strength and aerobic capacity, vasomotor instability, reduced bone density, altered sensory continence and reduced appetite [14] . All these factors may contribute to accelerate the functional decline and increase the risk of immobility and pressure sores, incontinence and falls.
Specifi c diseases were associated with increased risk of specifi c events. Cerebrovascular diseases increased the risk of both types of incontinence, probably due to reduced control on sphincter functions or to diffi culties in going to the toilet [15] . Tumors were more associated with fecal incontinence, but we were not able to verify that the incontinence was due to the general severe conditions of these patients or to the specifi c type of tumor (for example, intestinal). Fractures increased the risk of pressure sores, as most of them were hip fractures with subsequent immobility.
A severe comorbidity, evaluated by means of the Charlson index, was found to be associated with an increased risk of fecal incontinence and falls.
A history of falls increased the risk of falling during the stay in hospital. These results are in agreement with previous studies that found that the rate of incidence of subsequent falls increased with the number of falls in community-dwelling [16] and hospitalized elderly subjects [17] . Although the risk factors for multiple fallers can be slightly different from one-time fallers [18] , in hospitalized population a signifi cant role seems to be played by the use of CNS active drugs [19] . Our study confi rms these reports, as we found a signifi cant increased risk of falls in subjects treated with neuroleptics and benzodiazepines. Among benzodiazepines, temazepam [20] as well as other very short and short half-life benzodiazepines [21] rep-resent important risk factors for falls in hospitals. Benzodiazepines were also reported to be associated with an increased risk of hip fracture in the elderly [22] , although other researchers did not confi rm this result [23] . The role of neuroleptics as an iatrogenic cause of falls in the elderly, however, has been less investigated, but these drugs seem to increase the risk of falls not only in the community but also in settings such as hospital and nursing home [24] .
Prevalence of cognitive impairment in medical inpatients usually exceeds that in the general population, particularly in the oldest age group: in the present study it was 27%, somewhat higher than in other studies of consecutively admitted medical inpatients [25] . The higher fi gure is probably due to our defi nition of cognitive impairment, that was based on a brief screening test (AMT) and not on a more detailed clinical diagnosis. In our population of elderly in-patients cognitive impairment was always signifi cantly associated with an increasing risk of occurrence of all geriatric syndromes during hospitalization, showing how much cognitive disturbances per se represent a condition of increased frailty in a stressful environment such as an acute ward. In addition, we found that only 36.8% of subjects with a score of 0-3 on AMT had a diagnosis of dementia at discharge. Although such a low score on the AMT scale is not suffi cient for diagnosing dementia, the high discrepancy between the reported diagnosis and the test score suggests that cognitive impairment in hospitalized elderly patients is frequently underestimated. It is likely that cognitive functions are not always evaluated when the elderly are admitted to an acute ward where, quite often, the medical and nursing staff are more focused on treatment and management of acute diseases. So it is conceivable that a gap exists between the high prevalence of cognitive impairment in the hospitalized elderly population and its nondetection by the hospital staff, an aspect that deserves further investigation. Recently, it was shown that 3.9% of patients aged 60 and older admitted to a general hospital have a diagnosis of dementia [26] and that in hospitals employing programs of early screening and intervention [27] the length of stay and costs are reduced [28, 29] . In our study, about 20% of all new cases of pressure sores and falls and more than 50% of fecal and urinary incontinence were related to cognitive impairment. On the basis of these and our results, the screening and early identifi cation of the elderly with cognitive impairment in the hospital should be emphasized, in order to detect subjects more at risk for those medical injuries which usually increase the length of stay as well as the cost of hospitalization, and markedly reduce the quality of life of elderly patients [30] , with an increased risk of institutionalization or death after discharge.
There are some limitations to this study that must be acknowledged. Firstly, the GIFA clinical centers participated in the study on a voluntary basis; thus, this may not be a representative sample for all Italian hospitals. Secondly, in Italy the DRG system for reimbursement was introduced in 1995, a factor that could have reduced the length of stay compared to the previous surveys, especially for subjects suffering from less severe diseases.
In conclusion, in this study we found that very old people have a signifi cant increased risk of developing geriatric syndromes during the stay in hospital, particularly if they are cognitively impaired and severely disabled. Since the elderly population is increasing, it is conceivable that in the near future this type of patients will be the most represented in hospital acute wards. Several risk factors can contribute to the occurrence of geriatric syndromes during hospitalization, so it is important to increase the knowledge in this fi eld and to train medical and nursing staff for a prompt recognition of the preventable and manageable ones, in order to improve the quality of health care [31] . To this purpose, a more diffuse utilization of simple but effective risk assessment tools or request for appropriate documentation in the medical record [32] [33] [34] could be helpful in offering adequate responses -in terms of procedures, treatments and outcomes -to the extremely complex needs of elderly patients.
